All juvenile mice of the nonobese diabetic (NOD) strain develop insulitis, but there is considerable variation in their progression to diabetes. Here we used a strategy based on magnetic resonance imaging (MRI) of magnetic nanoparticles to noninvasively visualize local effects of pancreatic-islet inflammation to predict the onset of diabetes in NOD mice. MRI signals acquired during a narrow early time window allowed us to sort mice into groups that would progress to clinical disease or not and to estimate the time to diabetes development. We exploited this approach to identify previously unknown molecular and cellular elements correlated with disease protection, including the complement receptor of the immunoglobulin superfamily (CRIg), which marked a subset of macrophages associated with diabetes resistance. Administration of a fusion of CRIg and the Fc portion of immunoglobulin resulted in lower MRI signals and diabetes incidence. In addition to identifying regulators of disease progression, we show here that diabetes is set at an early age in NOD mice. 
A r t i c l e s
Type 1 diabetes is an organ-specific autoimmune disease characterized by specific destruction of the insulin-producing beta cells of the pancreatic islets of Langerhans 1 . Autoimmune diabetes is driven mainly by T lymphocytes that respond to beta cell-specific antigens, but other cells of the immune system can also have an important enhancing or dampening role, notably B lymphocytes, natural killer cells, macrophages and dendritic cells (DCs). This disease has two main checkpoints in most mouse models: initiation of insulitis at 2-5 weeks of age; and, with a highly variable delay and penetrance, conversion of insulitis to overt diabetes 2 . Whether these same two checkpoints exist in human type 1 diabetes has been the subject of discussion, but there have been indications that they do.
The issues noted above and others underscore the relative ignorance about the pathogenesis of autoimmune diabetes, particularly in humans. A major hindrance in both experimental and clinical contexts has been the inability to directly visualize the onset and progression of islet attack. Experimentally, investigators are constantly challenged by the scatter in disease parameters of individual animals, even those presumed to be genetically and environmentally homogeneous. For example, a particular 15-week-old mouse of the nonobese diabetic (NOD) strain with advanced insulitis may develop clinical diabetes in days, weeks or months, or never. Clinically, beyond the same problem of disease heterogeneity, a diagnosis of overt diabetes generally indicates that most of a patient's beta cells have already been destroyed or disabled, which means that the early, autoimmune phases of the process have already ended and that strategies for disease reversal are limited.
In recognition of the impediments noted above, much effort has been devoted to the identification of biomarkers that indirectly signal at least the major landmarks of the pathogenesis of type 1 diabetes. So far, serum autoantibody titers seem to be the best indicators of islet attack, which was confirmed in the Diabetes Prevention Trial-Type 1 (ref. 3) . The appearance of autoantibody specificities to at least one beta-cell antigen is generally considered to reflect insulitis; the emergence of specificities to two or more can be used to predict the eventual conversion of insulitis to diabetes. Plasma C-peptide concentrations are still the most widely accepted indicator of beta-cell activity. C peptide is secreted in concentrations equimolar to those of insulin and is a semiquantitative marker of beta-cell secretion that is not subject to hepatic extraction, in contrast to insulin 4 . Although monitoring autoantibody titers and C-peptide concentrations certainly provides useful information, a noninvasive means of more directly monitoring disease progression would have several important experimental and clinical applications. There are two fundamental needs: an assessment of islet infiltration, as a 'read-out' of ongoing autoimmune attack; and quantification of beta-cell mass or function, as an indicator of cumulative islet destruction. Although substantial effort has been expended to address these goals, no clinically reliable method is now in place 5 .
A noninvasive, real-time, whole-mouse imaging method has been successfully used for visualizing vascular and inflammatory-cell changes that signal disease checkpoints in mouse models of type 1 diabetes 6, 7 . Insulitis is essentially an inflammation of the pancreatic A r t i c l e s islets and thus is accompanied by a range of microvascular alterations, including modifications of endothelial cells, vascular swelling and leakage, more islet blood flow and edema [8] [9] [10] , as well as by influxes of inflammatory-cell populations, in particular early infiltration of macrophages 11 . A new method that entails magnetic resonance imaging (MRI) of magnetic nanoparticles (MNPs) is sensitive to such changes, permitting monitoring of disease progression, quantification of genetically determined variability in disease, signaling of the imminent onset of diabetes and a very early indication of immunotherapy-induced disease reversal 6, 7 . Notably, a small clinical trial of patients with recent-onset type 1 diabetes has confirmed the utility of this MRI-MNP approach in the human context 12 .
Here we exploited the MRI-MNP strategy as a prediction tool in the NOD mouse model of type 1 diabetes. Unexpectedly, optimum predictability occurred during a narrow time window between 6 and 10 weeks of age, long before the eventual conversion of insulitis to overt diabetes. Use of this approach to sort 6-to 10-week-old insulitic mice that should or should not go on to develop diabetes permitted us to identify molecules and cells associated with aggressive versus innocuous insulitis, which identified a novel pathway important in regulating diabetes progression.
RESULTS

Predicting the conversion of insulitis to diabetes
All mice in our NOD mouse colony, regardless of their sex, develop insulitis starting at about 3-5 weeks after birth. However, overt diabetes develops in only 60-80% of female mice and 10-20% of male mice, any time from 15 to 30 weeks of age. This heterogeneity in disease penetrance and kinetics compromises the accuracy of mechanistic explorations because we do not know for a given individual mouse if and when it will eventually convert to diabetes. Thus, we set out to develop a noninvasive method to predict diabetes onset in mouse models.
The published MRI-MNP technique tracks a long-circulating, dextran-coated, monocrystalline, super-paramagnetic, iron-oxide probe (MION-47) that can be detected by high-resolution MRI 6, 7 . Building on those past studies, the basic protocol for our experiments was to anesthetize groups of mice and obtain an MRI scan before injection of MNPs (baseline signal); to inject them intravenously with MNPs and immediately obtain a second image (an indicator of vascular volume); and to do a third scan 24 h later (a reflection of probe accumulation). We drew regions of interest over the pancreas and control muscle tissue on the MRI scan (Fig. 1a, left) and calaculated a value for the spin-spin relaxation time (T2 value) for each organ (Fig. 1a, middle) ; organ T2 values are diminished in the presence of MNPs. We determined probe-accumulation values, a function of vascular leakage and macrophage uptake 7 , using the reciprocal of the T2 values before and 24 h after injection of MNPs (Fig. 1a, right) .
We used both cross-sectional and longitudinal imaging designs. For the cross-sectional protocol, we injected 22 NOD female mice ranging from 10 to 17 weeks of age with MNPs, triple-scanned pancreata and control muscles as described above and monitored the mice for signs of diabetes until 40 weeks of age. We retrospectively assigned mice to two groups: those that eventually developed diabetes (n = 13; called 'prediabetic' here) and those that did not (n = 9; called 'nondiabetic' here). We determined pancreas and muscle T2 signals for individual mice (Supplementary Fig. 1 ) and plotted the corresponding baseline T2 values (before injection of MNPs) and probe-accumulation values (Fig. 1b) . Two main differences between prediabetic and nondiabetic mice were evident. First, the baseline T2 signals were higher for the pancreas, but not muscle, of mice that went on to develop diabetes (Fig. 1b, top) , which suggested the existence of edema measurable by MRI even in the absence of MNPs. Second, probe accumulation was also greater for the pancreas of prediabetic mice than for that of nondiabetic mice, but this observation was not true for muscle (Fig. 1b,  bottom) . There was a significant correlation between the pancreatic T2 values (before injection of MNPs) and probe-accumulation values across the whole cohort (Fig. 1c) .
Next we addressed how early in the course of the NOD disease this MRI-MNP approach could be used to predict the eventual onset of diabetes. For this longitudinal design, we sequentially scanned synchronous cohorts of juvenile mice every 3-4 weeks until 18 weeks of age (Fig. 2) , an interval known to be adequate for probe washout 13 . We monitored mice for signs of diabetes until they were 40 weeks old, which permitted retrospective assignment into the nondiabetes and prediabetes groups and, for the latter, calculation of time to diabetes. Unexpectedly, the MRI-MNP signals of 6-and 10-week-old mice were the most predictive (Fig. 2a,b) , especially probe-accumulation values at 10 weeks, which essentially did not overlap for nondiabetic and prediabetic mice (Fig. 2b) . Plots of probe-accumulation and bloodglucose values for individual mice over time solidified that observation (Supplementary Fig. 2a ). There was also significant correlation 
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between the amount of probe accumulation and the time to diabetes onset ( Fig. 2c) . After 10 weeks, mice of either disease status showed relatively low baseline T2 and probe-accumulation values, consistent with published observations 6 . Before 6 weeks, both nondiabetic and prediabetic mice had relatively high values, which probably reflected the immature condition of the vasculature, with incomplete closure of endothelial cell junctions 14 . High pancreatic MRI signals at this time point did not reflect insulitis, as we obtained similar values for 3-week-old Eα16/NOD mice, which lack both insulitis and diabetes 15 ( Supplementary Fig. 2b ). The signals were also not a specific feature of the NOD strain, as C57BL/6 mice had similar values at this young age ( Supplementary Fig. 2b ). In both Eα16/NOD and C57BL/6 mice, 
A r t i c l e s the higher imaging signals at 3 weeks dropped quickly, as soon as 6-7 weeks, and remained low thereafter. We noted the same pattern in a group of male NOD mice, which universally manifest insulitis, although very few develop diabetes (Supplementary Fig. 2b) .
We compared the ability of this MRI-MNP procedure and a published assay of autoantibodies to insulin 16 to predict the conversion of insulitis to diabetes in a cohort of NOD mice. Although the number of mice examined was not large, the MRI-MNP approach showed higher significance in terms of the prediction of both eventual diabetes development and time to diabetes (Fig. 2d,e) . Thus, the MRI-MNP method was able to distinguish, months before clinical manifestation, mice that progressed to diabetes from those that did not, and also allowed an estimation of the time to diabetes onset. One implication of these findings is that eventual conversion of insulitis to diabetes is set at a young age. In addition, it is now possible to explore in an accurate manner what molecular and cellular processes underlie this conversion.
Overexpression of myeloid lineage-associated genes
To exploit the new possibilities offered by the ability to select a given 6-to 10-week-old NOD mouse and predict with quite good accuracy whether or not it will go on to develop diabetes, we first followed an unbiased, hypothesis-generating approach, doing microarray-based gene-expression profiling of pancreas-residing leukocytes from prediabetic and nondiabetic mice. We scanned cohorts of five female mice by MRI at 10 weeks of age, removed their pancreata immediately after the final imaging and sorted CD45 + cells from the dispersed tissue for microarray analysis of gene expression. We were interested in genes whose transcripts were positively or negatively correlated with the MRI signals, as they might promote diabetes or protect from diabetes, respectively. We calculated the Pearson correlation coefficient for the normalized expression value of each gene and the T2 signals before injection of MNPs for the five mice. As an illustration, we superimposed the expression profiles for the ten genes with the greatest positive or negative correlation onto the histogram of T2 values (Fig. 3a) . Overall, the correlation coefficients of all genes on the microarray were distributed across the spectrum but with a bias for those whose transcription negatively correlated with T2 signals relative to the null-hypothesis distribution of a randomized permutation of the expression data (Fig. 3b) . This bias was particularly marked for those transcripts that had the lowest correlation coefficients (≤−0.8) and thus were associated with resistance to diabetes, in contrast to published studies of aggressive diabetes in which the dominant signatures were those associated with inflammation 17 . Therefore, we focused our subsequent analyses on the 100 'protective' genes with the greatest negative correlation (Supplementary Table 1) .
Changes in transcript abundance in the CD45 + cell populations of the various mice could have reflected alterations in the composition of the leukocytic infiltrate and/or modifications in gene-expression programs. To address this issue by bioinformatics, we generated a celldistribution profile, plotting for each of the 100 genes its normalized expression in a panel of cell types, using data sets available from the Immunological Genome Project (Fig. 3c) . The set of genes whose transcript abundance was negatively correlated with the T2 values before injection of MNPs were characteristic of cells of the myeloid lineage, in particular, tissue-resident macrophages.
The over-representation of genes characteristic of cells of the myeloid lineage prompted us to explore the cellular composition of the insulitic lesion by histology and flow cytometry of 10-week-old female NOD mice scanned by MRI (Fig. 4 and Supplementary Fig. 3 ). In the mice with lower MRI signals (those predicted to be refractory to diabetes), insulitis was less extensive (Supplementary Fig. 3a) and fewer leukocytes infiltrated the pancreas (Supplementary Fig. 3b) , largely due to a lower abundance of CD3 + T cells ( Supplementary  Fig. 3b ). There were no other obvious differences in the histological presentation of the insulitic lesions at this age ( Supplementary  Fig. 3b and data not shown) .
Multiparameter flow cytometry of myeloid cell populations did yield some clear associations with MRI signals. Our gating strategy (Fig. 4a) distinguished among the main CD11b + myeloid cell populations: two subsets of monocytes (Ly6C hi (R1 gate) and Ly6C lo (R2 gate)), mature macrophages (R3 gate), two DC subsets (CD11c hi (R5 gate) and CD11c lo (R6 gate)) and neutrophils (R7 gate). Of note, F4/80, a marker for mature macrophages, was detectable only on cells in the R3 gate (Supplementary Fig. 4) . The available antibody to the monocyte marker Gr-1, RB6-8C5, detects only Ly6G on neutrophils from mice of the NOD strain, in contrast to its ability to additionally detect Ly6C on the monocyte populations from mice of other strains (data not shown). From a general perspective, there was a negative correlation between total pancreatic myeloid cells (CD11b + ) and MRI values (Fig. 4b) ; the larger fraction of CD11b + cells in mice refractory to diabetes was accompanied by a smaller fraction of T cells (CD3 + ) (Supplementary Fig. 3c ). More specifically, the pancreatic infiltrates of all mice included several myeloid cell populations: in most cases, there was no evident correlation between their representation and MRI values; however, the fraction of Ly6C hi CD11b + monocytes and of Ly6C lo CD11b + monocytes showed a significant negative correlation with T2 values before injection of MNPs (Fig. 4c) , which indicated enrichment of these subsets in diabetes-resistant NOD mice. Thus, the data from gene-expression and cell-subset profiling converged to highlight greater numbers and/or function of certain subsets of myeloid-lineage cells in 10-week-old NOD mice that showed insulitis but were refractory to clinical diabetes.
Macrophages that express the complement receptor CRIg
Pathway analysis of the subset of genes whose expression had the greatest negative correlation with baseline T2 values (that is, those best correlated with diabetes resistance) showed enrichment for several functional classes characteristic of the monocyte-macrophage lineage: components of the complement pathway, scavenger receptors, phagocytosis-related proteins and eicosanoids (Fig. 5a) . Our attention was drawn in particular to the complement-pathway component CRIg because it is expressed exclusively on tissue-resident macrophages [18] [19] [20] [21] [22] , it is reported to inhibit the activation, proliferation and cytokine production of T cells 19, 23, 24 , and fusions of CRIg and the Fc portion of immunoglobulin can modulate autoimmune and inflammatory diseases [24] [25] [26] . The abundance of transcripts encoding CRIg in pancreatic CD45 + cells showed a strong negative correlation with T2 signals before injection of MNPs (Fig. 5b) . CRIg transcripts were most abundant in CD11b + cells of the myeloid lineage (Fig. 5c) , and CRIg protein was displayed on a population of fully mature macrophages (Fig. 5d) , which could best be distinguished as CD11b hi F4/80 hi ( Supplementary Fig. 4) . As a whole, the mature macrophage subset in the pancreatic infiltrate showed no correlation, positive or negative, with MRI signals (Fig. 4c) ; however, analysis of another cohort of mice showed a strong negative correlation between baseline T2 values and the fraction of CD11b + F4/80 + mature macrophages that were CRIg + (Fig. 5e,f) . We also detected CRIg + F4/80 + cells histologically, located mainly at the periphery of the insulitic lesion ( Supplementary  Fig. 5a ), often in close association with CD31 + vascular endothelial cells (Supplementary Fig. 5b ). CRIg + macrophages were also present in the pancreas of Eα16/NOD mice (Supplementary Fig. 6 ), which are completely free of insulitis and diabetes 15 ; this result reflected the normal tissue residence of CRIg + macrophages, as has been observed in several other contexts 18, 20, 22 . Hence, in young NOD mice, MRI-MNP signals (a biomarker of diabetes development) can be used to identify potential candidate molecules, pathways or cells associated with disease protection.
CRIg modulates MRI signals and diabetes
Next we explored whether the anticorrelation of pancreatic CRIg expression and MRI signals in juvenile NOD mice has functional relevance. First, we verified that a CRIg-Fc fusion protein suppressed the proliferation of NOD T cells during culture in vitro, in a dosedependent manner (Supplementary Fig. 7) , as has been reported in other contexts for other mouse strains 19, 23, 24 . To determine whether CRIg expression by pancreas-resident macrophages might have a causal relationship with MRI signal intensity and eventual diabetes development, we injected either CRIg-Fc or a control Fc fusion protein into cohorts of female NOD mice from 3 to 10 weeks of age, an interval that spans the initiation and establishment of insulitis. 
A r t i c l e s
We scanned the mice by MRI at 7-8 weeks of age (the predictive window) and monitored diabetes development from 10 to 32 weeks (Fig. 6a) . As expected, the range of probe-accumulation values for mice given the control Fc fusion protein spanned values typical of nondiabetic mice (−0.05 to 0.05) and prediabetic mice (0-0.33) at that age (Fig. 6b, left) . In clear contrast, the corresponding values for mice given CRIg-Fc protein were almost all within the lower range expected of nondiabetic mice (Fig. 6b, left) . There was also a significant difference between mice treated with CRIg-Fc and those treated with control Fc fusion protein for T2 values before injection of MNPs (Fig. 6b, right) . As would be predicted from such a lowering of MRI signals, diabetes development was significantly delayed and less frequent (20% versus 67%) in mice that had been injected with CRIg-Fc compared with its development in those treated with control Fc fusion protein (Fig. 6c) . Therefore, CRIg itself and CRIg + macrophages can be considered additional participants in the pathogenesis of type 1 diabetes, as protective elements whose enhancement has potential therapeutic benefit.
DISCUSSION
The MRI-MNP procedure can be used to monitor the development of diabetes in NOD mice, to quantify genetically determined variability in disease severity in derivative models, to predict the imminent onset of clinical diabetes and to monitor disease reversal subsequent to immunotherapy 6, 7 . This approach has also been 'translated' to humans to successfully discriminate normal controls from patients recently diagnosed with type 1 diabetes, which has opened the door to noninvasive monitoring of response to immunotherapy in clinical trials 12 . Here we focused on optimizing the MRI-MNP approach as a prediction tool in the NOD model. The most notable finding was that MRI signals (T2 values before injection of MNPs and, even better, probe-accumulation values) measured during a discrete, early time window distinguished between mice that would or would not go on to develop clinical diabetes and permitted an estimation of time to onset of diabetes. This observation has theoretical and practical ramifications. First, the finding that whether or not a given NOD mouse will eventually develop overt diabetes is already set at 6-10 weeks of age has implications for the reigning theories of the pathogenesis of type 1 diabetes, at least for the NOD mouse model. Scenarios that require a 'second hit' for progression from insulitis to diabetes, such as some microbial, dietary or stress-related insult, seem to be inconsistent with such an early window of determinism. Scenarios that call for delayed stochastic generation of the ultimately pathogenic T cell or B cell specificities would also seem to be disfavored. Instead, our findings indicate that some early event that occurs before 6 weeks of age predicates the development of clinical diabetes in a fraction of the NOD mouse colony but that regulatory processes keep the insulitic lesion in check for variable lengths of time in different mice. That conclusion is consistent with a report that early development of autoantibodies to insulin could be used to predict eventual diabetes development in NOD mice 16 , although results from subsequent studies have not seemed to support the generality of that finding 27 .
The practical implication of the MRI-MNP data is that individual young NOD mice can now be sorted into groups that should or should not progress to clinical type 1 diabetes. In addition to permitting more meaningful interpretation of results from diabetes-prevention trials, this ability allows pathogenetic mechanisms to be addressed in a much more accurate manner. Mechanistic dissections of the NOD model have always been compromised by the heterogeneity in disease penetrance and kinetics; MNP-MRI signals will allow the correlation of chosen experimental parameters with the likelihood and proximity of diabetes onset. Although the fairly high cost of this technique at present precludes high-throughput use, we anticipate that the price will decrease in time, as is often seen with sophisticated technologies like this. Exploiting this approach, we were able to identify in the islet infiltrates of 10-week-old NOD mice specific cells and molecules whose representation was correlated with protection from clinical diabetes.
Both the molecular analyses and cellular analyses indicated a role for cells of the myeloid lineage in disease attenuation. The set of loci whose expression in islet-infiltrating leukocytes had the strongest negative correlation with MRI signals (that is, high expression reflected a low probability of progression to diabetes) showed considerable enrichment for genes expressed by monocytes and macrophages, in particular, tissue-resident macrophages. Similarly, the only cell types with a significant negative correlation with MRI signals were Ly6C hi monocytes, Ly6C lo monocytes and CRIg + tissue-resident macrophages. A regulatory role for cells of the myeloid lineage would be consistent with the growing number of this lineage's members 
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A r t i c l e s recognized as having immunosuppressive activity 28, 29 . As for the diabetes context, macrophages are the earliest detectable hematopoietic cells in the islets of NOD mice and certain other models of type 1 diabetes 11 , and it has been generally assumed that they promote insulitis and its progession to diabetes. However, it is not known at present which particular subsets of monocytes-macrophages participate in the insulitic lesion, at what specific disease stages they do so and whether they have a positive or negative role in diabetes progression. Of the set of transcripts showing enrichment in the islet infiltrates of mice that did not progress to diabetes, we were particularly intrigued by those encoding CRIg because this molecule is expressed exclusively by tissue-resident macrophages [18] [19] [20] [21] [22] , it inhibits the activation, proliferation and cytokine production of T cells 19, 23, 24 , and reagents derived from CRIg modulate autoimmune and inflammatory diseases, notably experimental arthritis and uveitis [24] [25] [26] . Indeed, CRIg proved relevant in the present context: it marked a specific subset of macrophages whose representation in the insulitic infiltrate showed a significant negative correlation with MRI values at 10 weeks and, most notably, administration of a CRIg-Fc fusion protein both lowered the MRI values and inhibited development of type 1 diabetes. How might CRIg + macrophages, CRIg itself and CRIg-Fc act to control the progression to overt diabetes? So far, CRIg has been ascribed the following three functions 30 : it acts in the phagocytosis of particles, microbes and cells, via binding to C3b and iC3b; it inhibits the alternative pathway of complement, through blockade of the C3 and C5 convertases; and it suppresses T cells, which reflects its membership in the B7 family of costimulatory or coinhibitory receptors. The proposal that CRIg's function as a negative regulator of T cell activation is important in the diabetes context is supported by the finding of a smaller fraction of CD3 + T cells in the insulitic lesions of NOD mice that did not progress to diabetes. According to such a scenario, CRIg-Fc would deliver a negative signal directly to T cells. CRIg, as a B7 homolog, is expressed by antigen-presenting cells, not T cells. Thus, CRIg-Fc would not be expected to block interactions between antigen-presenting cells and T cells as, for example, a fusion of the immunomodulatory receptor CTLA-4 (found on T cells) and immunoglobulin does; instead, CRIg would be expected to engage an as-yet-unidentified ligand on T cells, just as a fusion of the ligand for the costimulatory molecule PD-1 and immunoglobulin delivers a negative signal directly to T cells by engaging PD-1 (ref. 31 ). Indeed, CRIg-Fc has been found to directly inhibit T cell proliferation in an in vitro assay 19 .
It is also possible that CRIg's activity in promoting phagocytosis has a role in keeping diabetes in check in unmanipulated NOD mice. Effective clearance of apoptotic cells, whether engendered by the wave of physiological beta-cell death known to take place at 3 weeks of age in rodents 32 or by some microbial, dietary or stress-inducing insult, could promote tolerance rather than immunity. Of note, the set of transcripts negatively correlated with diabetes development included many that encode proteins involved in opsonization or phagocytosis. For example, MSR1 and CD14 enable tissue-resident macrophages to clear apoptotic cells and dampen inflammation. In addition, transcripts encoding Timd4, a phosphatidylserine receptor 33 , were upregulated in diabetes-resistant mice. CRIg + macrophages also had high expression of Timd4, which suggests a potential molecular basis for the recognition of apoptotic cells by CRIg + macrophages. Disease inhibition would be reinforced by local dampening of pathogenic T lymphocyte reactivity to beta cells, as discussed above. Thus, the studies described here have provided proof of the principle that the ability to distinguish closely matched NOD mice that progress or do not progress to diabetes can yield new mechanistic insights.
This new information may suggest new therapeutic approaches. A next step will be to apply the MRI-MNP approach to at-risk humans to determine whether it can be used as a tool to predict type 1 diabetes.
METHODS
Methods and any associated references are available in the online version of the paper at http://www.nature.com/natureimmunology/. Accession codes. GEO: microarray data, GSE35096.
